Echinoparyphium species are common, widely distributed intestinal parasites causing disease in animals worldwide. Intermediate hosts include snails, bivalves, and fish, whereas the definitive hosts are mainly birds and mammals. This review examines the significant literature on Echinoparyphium. Descriptive studies, life cycle, experimental and manipulative studies, and biochemical and molecular studies are presented. The influence of environmental factors, and toxic pollutants, are reviewed as well as studies on the pathology of Echinoparyphium.
Introduction
The genus Echinoparyphium is an important taxon in the family Echinostomidae. Species in this genus are of considerable importance in medical, veterinary, and wildlife parasitology. Fried (2001) provided a significant review on all aspects of the biology of numerous species in the genus in his review of echinostomes other than those in the genus Echinostoma. Since that review, a search of the ISI Web of Science in June, 2012, indicated that there were three reviews concerned with subject matter of the genus Echinoparyphium. These reviews are as follow: Toledo et al. (2009) provided an update on various aspects of the biology of important species of Echinoparyphium; Chai et al. (2009) discussed the various species of Echinoparyphium that are involved in intestinal foodborne trematodiases in Southeast Asia; and Morley (2010) considered species of Echinoparyphium involved in the interactive effects of parasitic disease and pollution in aquatic molluscs.
Morphology and taxonomy
Echinoparyphium was first described as Distomum recurvatum by von Linstow, 1873 using material collected from the small intestine of Fuligula manila (scaup). Dietz (1909) reviewed the family Echinostomidae (Poche, 1925) and erected several new genera, including Echinonaryphium. Luhe (1909) proposed E. recurvatum (von Linstow, 1873) . Echinoparyphium is a ubiquitous parasite of freshwater snails, tadpoles, birds, and some mammals.
The identification of Echinoparyphium is done on the basis of morphological features of adults and cercariae, in particular, the presence of a head collar with spines arranged in a double row with dorsal aboral spines larger than oral ones in adults, the presence of numerous small corpuscles in the excretory system, and a cercariae tail without finfolds (Fried and Graczyk 2000, Kostadinova 2005) .
The systematics of Echinoparyphium spp. has been characterized by a long history of inadequate descriptions, poor specific diagnoses, extensive synonymy, and other problems (McCarthy 1990, Kostadinova and Gibson 2000) . Features often used for species discrimination include morphology and morphometry of larvae, adults, or both; host-parasite relationships; geographical distribution; and molecular analyses. However, no consensus has emerged on the most reliable characteristics for species identification. In an attempt to overcome this difficulty, species have been arranged in species groups on the basis of their life cycle and morphological traits, such as the number of collar spines. The Global Species web site (globalspecies.org) lists the following species of Echinoparyphium: E. aconiatum, E. agnatum, E. baculus, E. baqulai, E. chinensis, E. cinctum, E. clerci, E. contiguum, E. elegans, E. flexum, E. harveyanum, E. hydromyos, E. japonicum, E. kashmirensis, E. macrovitellatum, E. mordwilkoi, E. multiovatus, E. nordianum, E. oscitansi, E. paracinctum, E. paraulum, E. petrowi, E. phalacrocoracis, E. phasianinum, E. pindchi, E. politum, E. recurvatum, E. rubrum, E. scapteromae, E. schulzi, E. sinorchis, E. sisjakowi, E. skrjabini, E. syrdariense, E. westsibiricum. The site also provides the definitive host for the species of Echinoparyphium. Kanev (1990) published a checklist of the genus Echinoparyphium consisting of 151 species names. Approximately 45 names represented the 43 collar-spine adult worms, most of which are incompletely described and their life cycles unknown.
Morphological descriptions for the life cycle stages of E. recurvatum was provided by Diaz Diaz (1976) . The cercaria of E. recurvatum emerge throughout the day in a moderate number, but the greatest number are shed between 9 and 12 in the morning. They swim actively, exhibit a creeping motion and remain alive for about 24 hours. The redia of E. recurvatum are located in the digestive gland of infected snails. The redia are packed with numerous elongate rediae of various sizes. The redia are very active. The body tegument is thick and in mature rediae it is covered with small dark-green pigment spots whereas the younger rediae are almost colorless. Eight to nine mature cercariae are present at the same time, together with a small number of immature cercariae. As soon as the cercariae emerge from the snail host, they begin swimming movements which continues until they make contact with a snail. They crawl about on the surface of the snail using the oral sucker and acetabulum until penetration and encystment take place. The snail Lymnaea peregra is utilized by the cercaria of E. recurvatum as both primary and secondary intermediate host. Additional laboratory-bred snails L. stagnalis, Physa fontinalis. Planorbis carinatus and P. corneus are also intermediate hosts. The encysted metacercariae in both naturally and experimentally infected snails are located in the mantle cavity and digestive gland but are occasionally found in the wall of the esophagus and intestine (Diaz Diaz 1976) .
The cysts of E. recurvatum are almost circular in outline, and contains a relatively inactive metacercaria which is tightly coiled and occupies the whole of the lumen of the cyst. The cyst wall is transparent and consists of an outer hyaline layer and thick inner layer. After 15 days the oral sucker, pharynx, and acetabulum are slightly increased in size and although the collar spines become more conspicuous they are difficult to count on the coiled body of the metacercaria. The penetration and cystogenous gland-cells have completely disappeared and the intestinal caeca has become indistinct. The most prominent features of the metacercariae are the main excretory ducts, their contents and the beating cilia in the secondary ducts. The size of the cysts remained essentially unchanged during development (Diaz Diaz 1976 ). Diaz Diaz (1976) obtained cysts from experimentally infected L. peregra reared in the laboratory and fed experimental bird hosts. The birds (pigeons, chicks and domestic ducks) were each fed 25 to 30 day old metacercariae (previous infections with 2 to 4 day old cysts did not result in infections). Mature E. recurvatum were found in the small intestine 10 days post-infection. The eggs are unembryonated when laid, golden yellow in color, thin-shelled and operculate. A morphological description of redia and cercaria was reported by Faltynkova et al. (2008) . Kanev et al. (1998) reported on the characteristics of E. rubrum based on experimental evidence of the life cycle. All stages of the life cycle of E. elegans were described by means of light and scanning electron microscopy by King and Van As (1996) . Sohn et al. (2002) observed the tegumental ultrastructure of E. recurvatum according to developmental stages. Worms (1, 3, 5 and 15-day old) were recovered from chicks experimentally infected with metacercariae from Radix auricularia coreana. It was confirmed that the surface ultrastructure of E. recurvatum was generally similar to that of other echinostomatid flukes. However, some features, i.e., morphological change of tegumental spines and appearance of sensory papillae on the ventral sucker according to development, and number, shape and arrangement of collar spines, were characteristic, which may be of taxonomic and bioecological significance.
The surface topography of 15-day-old adult E. recurvatum sensu stricto, from an isolate of the parasite utilizing Lymnaea peregra as first intermediate host in southern England, was described and illustrated using scanning electron microscopy by McCarthy (2011) . The results were compared to those of other Echinoparyphium species from Europe, and with those of E. recurvatum of East Asian origin. The value of SEM studies may prove valuable in elucidating the relationship between members of the genus Echinoparyphium in Britain/Europe and those in Africa, Asia and North America.
Life cycles
The life cycle of E. recurvatum was demonstrated experimentally by Mathias (1927) after feeding encysted stages of an echinostome cercaria from Planorbis planorbis to ducks. Harper (1929) experimentally completed the life cycle of this species. Azim (1930) obtained the adult parasites after feeding dogs, white rats and wild rats with metacercariae from several species of Bulinus. Sohn (1998) observed the characteristics of the life history of E. recurvatum under both natural and laboratory conditions. Riech (1927) demonstrated the life cycle of E. aconiatum. The life cycle of E. flexum was described by McCoy (1928) and Najarian (1953 Najarian ( , 1954 experimentally determined the life cycle of E. flexum.
Echinoparyphium hydromyos sp. nov. with forty-five collar spines was described from the Australian water rat, Hy- Angel (1967) . The cercaria occurs naturally in Plananisus isingi and all stages in the life-history have been demonstrated experimentally. Encystation occurs in the kidneys of tadpoles. The adult is most closely related to E. recurvatum. E. recurvatum occurs predominantly in birds, and is rarely found naturally in mammals. E. hydromyos has been found only in a mammal.
Echinoparyphium serratum sp. nov., with 37 collar spines, was described from experimentally infected ducklings and chickens. It appears to be most closely related to E. aconiatum but differs from it in having smaller eggs, fewer tegument spines, almost confluent vitellaria in the post-testicular region, and the inner margin of the ventral sucker is serrated. The natural host is unknown but thought to be a bird. Jane E. Huffman and Bernard Fried 202 Bile composition may account for the markedly different recovery percentages of adult worms from the two experimental hosts. Miracidia hatch between 9 and 11 days at 22°C. Experimental infections of snails with miracidia have not been obtained. Rediae occur naturally in Isidorella brazieri Smith, and free-swimming cercariae encyst in the pericardium of the same species of snail. This latter part of the life-cycle is based on strong circumstantial evidence. A few cysts were occasionally found in the pericardium of Lenameria sp. but the enclosed metacercariae were dead. The cercaria can be distinguished from Cercaria echinata, the cercaria of E. aconiatum, and C. equispinosa in having cystogenous gland cells containing granular material only, and the inner margin of the ventral sucker is serrated (Howell 1968a) .
The life cycle and morphology of E. ralphaudyi sp. nov. was described by Lie et al. (1975) . Natural infections were found in Bulinus truncatus from Egypt, Ethiopia, and the Yemen Arab Republic, and later in B. forskalii and B. sericinus from Ethiopia. The sporocysts of this species develop near the places of miracidial entry into the snail (the head-foot region, mantle edge, pseudobranch, and antennae). Rediae occur mainly in the ovotestis and in tissues anterior to the liver. The first cercariae are released 24 days postexposure. Metacercariae encyst in various freshwater snails and are localized in the pericardial sac and the posterior part of the kidney. Adult worms live in the small intestine of a variety of experimental animals: hamsters, rats, mice, chicks, ducklings, pigeons, and finches (Lie et al. 1975) .
The life cycle of E. elegans Looss, 1899 was described by King and Van As (1996) . Adults of this parasite were obtained by feeding infected snails to laboratory-reared rats. A natural infection was found in the cattle egret, Bubulcus ibis (Linnaeus, 1758). Kechemir (1980) described the adult and developmental stages and life cycle of E. combesi. Sporocysts and rediae develop in Bulinus truncatus. In natural conditions cercariae released by the snail Bulinus encyst in the pericardial cavity of Physa acuta and B. truncatus itself. Experimentally they may encyst in Planorbarius metidjensis and also in the kidneys of Rana ridibunda perezi tadpoles. They can also encyst in situ in the first intermediate host. Experimentally, metacercariae mature in the small intestine of chicks and mice. Nevostrueva (1953) described E. petrowi from chicks, ducklings and goslings infected with metacercariae obtained from Viviparus viviparous. The new species has 49 cephalic spines which distinguishes it from all other species of the genus in which the greatest number of spines is 45.
During a survey of parasites of the Patagonian freshwater crab Aegla neuquensis neuquensis, its ectosymbiont Temnocephala chilensis was found parasitized with an echinostomatid metacercaria with 43 collar spines. Of the 414 T. chilensis collected, 106 were parasitized with metacercariae of Echinoparyphium sp. Ovigerous adults of E. megacirrus were obtained from domestic chicks experimentally infected with metacercariae obtained from temnocephalans (Viozzi et al. 2005) .
Echinoparyphium montgomeriana, was described from Durban, South Africa. The adult fluke is a parasite of the alimentary tract of birds. Its larval stages are common parasites of freshwater snails belonging to the family Planorbidae including Bulinus africanus. These intra-molluscan stages are shown to have a seasonal transmission cycle (Appleton et al. 1983) .
The life cycle of E. dunni, a 43-spined species was described by Lie and Umathevy (1965) . The first intermediate host is the freshwater snail, Lymnaea rubiginosa (Michelin). The same and other freshwater snails such as Gyraulus con- (Cort, 1914) comb. n. has been completed experimentally. All of the developmental stages egg, miracidium, sporocyst, mother and daughter rediae, cercaria, metacercaria, and adult were examined and described by Kanev et al. (1998) . Tables I and II list 
Genetic characterization
The Echinoparyphium has a history of systematic revision, which can make parasite identification a difficult task. In order to investigate the relationships within the Echinostomatidae two data sets of gene sequences were analyzed by Kostadinova et al. (2003) . The first consisted of all previously published ND1 sequences (20) together with 17 new sequences. The latter represented six species from the cosmopolitan genera Echinostoma, Echinoparyphium, Hypoderaeum and Isthmiophora. The second data-set of ITS sequences again included all previously published sequences (12) and three new sequences from species of Echinostoma, Echinoparyphium and Isthmiophora. All new isolates, as well as voucher material from five previously sequenced isolates, were identified on the basis of morphological characters. The phylogenetic trees inferred from the ND1 data set helped to clarify the generic affiliation of all isolates and confirmed the morphological identifications. The only exception was E. aconiatum, whose current position in the genus Echinoparyphium was not supported by the sequence data. Although the ITS data provided insufficient resolution for an unequivocal solution to the relationships within the genus Echinostoma, it supported the identification of E. ellisi and the distinct species status of three isolates of Echinostoma revolutum as predicted from the ND1 data (Kostadinova et al. 2003) .
The taxonomic status of two species, Echinostoma revolutum and Echinoparyphium recurvatum, which commonly infect poultry and other birds, as well as human, is problematical. Previous phylogenetic analyses of Southeast Asian strains indicate that these species cluster as sister taxa. The first internal transcribed spacer (ITS1) sequence was used by Saijuntha et al. (2011a) for genetic characterization and to examine the phylogenetic relationships between an isolate from Thailand with other isolates available from GenBank database. Interspecies differences in ITS1 sequence between E. revolutum and E. recurvatum were detected at 6 (3%) of the 203 alignment positions. Of these, nucleotide deletion at positions 25, 26, and 27, pyrimidine transition at 50, 189, and pyrimidine transversion at 118 were observed. Phylogenetic analysis revealed that E. recurvatum from Thailand clustered as a sister taxa with E. revolutum and not with other members of the genus Echinoparyphium. This result confirms a report based on allozyme electrophoresis and mitochondrial DNA that E. revolutum and E. recurvatum in Southeast Asia are sister species (Saijuntha et al. 2011a ). The taxonomic status of E. recurvatum in Thailand, as well as in Southeast Asian countries needs to be confirmed and revised using more comprehensive analyses based on morphology and other molecular techniques (Saijuntha et al. 2011b) . Vodyanitskii et al. (2002) used a portrait-based description of the life cycle of the trematode E. aconiatum as a model for a GeneNet database. This database was optimized with regard to annotating information and portrait-based visualization of network interactions in ecosystems in terms of hierarchical levels. Detwiler et al. (2010 Detwiler et al. ( , 2012 ) investigated the systematic issues associated with trematodes of muskrats. For echinostomes, ND1 sequences revealed at least 5 genetic lineages. The ND1 phylogeny demonstrated that the muskrats were infected with 5 echinostome lineages: 3 E. trivolvis lineages, 1 E. revolutum, and 1 Echinoparyphium lineage.
Behavioral and biochemical studies
Temperature can influence the transmission and establishment of E. recurvatum in L. peregra. For E. recurvatum the changing photo and geotactic behavior over time (McCarthy 1999 , Morley et al. 2003 will also lead to an accumulation of cercariae in different parts of the water column, particularly in areas associated with potential second intermediate hosts.
Field studies by Morley et al. (2010) indicate a gradual accumulation of metacercariae over the summer. This suggests that Jane E. Huffman and Bernard Fried 204 at any hourly time period a low cercarial density rather than a high density is more likely in the aquatic medium. Morley et al. (2010) studied the emergence of E. recurvatum cercariae from L. peregra under natural sunlight conditions, using naturally infected snails of different sizes (10-17 mm) within a temperature range of 10-29 C. There was a single photoperiodic circadian cycle of emergence with one peak, which correlated with the maximum diffuse sunlight irradiation. Zbikowska (2011) reviewed the important role of thermobehavioral snail reactions in the maintenance of the hostparasite system. Behavioral anapyrexia (reverse process of behavioral fever) is not evident from L. stagnalis infected by E. aconiatum. All snails (with and without emerging cercariae) chose the same temperature (over 25°C) as non-infected L. stagnalis. The aggressive larvae of E. aconiatum may stop defensive adaptive response of the host to benefit rapid development of parasite larvae. The lack of this behavior in snails with emerging E. aconiatum cercariae seems to disadvantage the host but benefits parasite development and progression through the life cycle. Transmission of E. aconiatum cercariae into the second intermediate host is easier at higher ambient temperatures, because of higher larvae invasiveness, and also similar thermal preferences of E. aconiatum infected and non-infected snails increase the chances for encounters with potential hosts for the metacercariae (Zbikowski and Zbikowska, 2009 ).
Experimental infection of E. recurvatum cercariae in the snail second intermediate host Lymnaea peregra shows that metacercarial encystment takes place on the lining of the mantle cavity, pericardial cavity and kidney lumen, with the mantle cavity the most preferred site. All three sites are accessible via the body openings. The metacercariae appear to be more susceptible to encapsulation in the visceral mass than in the cavity of the mantle, pericardium and the lumen of the kidney (Adam and Lewis 1992) . Voutilainen (2011) investigated whether praziquantel could reduce the production of E. aconiatum cercariae in infected snails L. stagnalis (Gastropoda: Lymnaeidae) without killing the hosts. Praziquantel is a broad-spectrum antihelminth agent. It caused a total cessation of cercaria shedding when the praziquantel concentration in the treatment bath was 10 mg/L and the treatment time was 30 h or longer. Howell (1968b) investigated the excystment of E. serratum metacercariae. The cysts excysted within 10 min in a trypsin/sodium cholate solution after successive pretreatments with pepsin and sodium dithionite. Excystment appears to be an active process as the cyst wall is unaffected by the treatment except in the vicinity of the 'escape aperture'. Optimum development to sexual maturity in vivo required 72 h.
Metacercarial cysts of E. serratum were obtained from the pericardium of the snail Isidorella brazieri. Each cyst was surrounded by a nucleated, syncytial host capsule. The cyst wall consisted of 2 layers containing acid and neutral mucopolysaccharide but little or no protein. Excystment of metacercariae appears to take place in stages. Stage I, which consists of emergence from the cyst wall through the escape aperture, it is an active process and the media consisted of a pH 2 to 4, reducing conditions, temperatures of 37 to 39°C and presence of sodium cholate. In Stage II, the metacercaria is released from the host: the media requires trypsin (Howell 1970) . Fried and Grigo (1975) found that excystation requirements for E. flexum were less fastidious than those of E. serratum as described by Howell (1968b Howell ( , 1970 . Fried and Grigo (1975) were able to excyst their species of Echinoparyphium in an alkaline medium of trypsin-bile salts in Earle's balanced salt solution at 39°C. There was no need for an acid pretreatment, a reductant, or special gases. Excystation requirements vary from one Echinoparyphium species to another. Muller et al. (1999) provided quantitative data on the neutral lipid content of a 45-collar-spined Echinoparyphium sp. cercaria from Physa sp. High performance thin-layer chromatographic analysis (HPTLC) was used to determine the major neutral lipids in cercariae obtained following snail isolation. The cercarial lipids were identified as free sterols, free fatty acids, and triacylglycerols. The most abundant fraction (free sterols) was quantified by densitometric HPTLC and the amount of free sterol (mainly cholestrol) was 0.022-0.0021~ng per cercaria. This was the first time that quantitative HPTLC was used to quantify neutral fats in an echinostome cercaria. The function of neutral lipids in cercariae is speculative. Cholesterol is probably an important structural constituent of the cells and tissues of the cercaria. Echinostome cercariae have abundant excretory concretions (calcareous corpuscles) of dubious function and cholesterol may be associated with these concretions.
The spatial relationship between the musculature and the NADPH-diaphorase (NADPH-d) activity, 5-HT and FMRFamide immunoreactivities in redia, cercaria and adult E. aconiatum was studied using scanning electron microscopy (SEM), NADPH-d histochemistry, immunocytochemistry, and confocal scanning laser microscopy (CSLM). TRITC-conjugated phalloidin was used to stain the musculature. Staining for NADPH-d was observed in the central (CNS) and peripheral nervous system (PNS) of all three stages. NADPH-d positive nerves occurred very close to muscle fibres. 5-HTimmunoreactive (5-HT-IR) nerve cells and fibres occurred in the CNS and PNS and close to muscle fibres. FMRFamide-IR nerve fibres were observed in the CNS and PNS of adult worms. This is the first time, the presence of the NADPH-d has been demonstrated in the larval as well as the adult stages of a trematode (Terenina et al. 2006) .
The influence of abiotic and biotic factors on Echinoparyphium and the value of Echinoparyphium as a bioindicator of freshwater quality
Aquatic molluscs are ideal invertebrate model systems for environmental monitoring and toxicology. Molluscs are subjected to a wide range of infectious diseases that can have significant effects on host ecology and physiology and are
The biology of Echinoparyphium (Trematoda) 205 therefore a source of natural stress to populations. Anthropogenic activities, especially involving chemical contaminants that pollute the environment, can also affect molluscan ecological and physiological parameters. Pollution and pathogens in combination represent a serious threat to the health of aquatic communities. Morley (2010) reviewed the interactive effects of viral, bacterial, protozoan, and trematode infections with toxic pollutants on aquatic molluscs.
Trematodes possess elaborate sensory organs and sophisticated neuromuscular systems. Sukhdeo and Sukhdeo (2004) reviewed the complex patterns of innate behavior of trematodes which can be released by specific signals from the environment. The evidence in their review suggests that trematode parasites live in ecologically predictable aquatic and internal host environments where they perceive only small subsets of the total information available from the environment. A general conclusion of the review was that host finding in miracidia and cercaria, and site-finding by trematodes migrating within their definitive hosts, is accomplished through the release of innate patterns of behaviors which are adaptive within the context of conditions in the worm's environment. Thieltges et al. (2008) recognized 6 different types of biotic factors with the potential to alter larval transmission processes which are underestimated determinants in the transmission ecology of free-living trematode stages. These effects are likely to interact with natural abiotic factors: pH, temperature, salinity, water hardness, UV-radiation and anthropogenic pollutants.
In freshwater systems, non-point source pollution affects the physical characteristics of the habitat and the endemic biotic assemblages. Free living miracidial and cercarial larval stages will exhibit graded responses to various types of disturbances and may be used as indicators of habitat conditions. Environmental stressors have the potential to greatly impact the transmission of parasites with complex, multi-host life cycles such as those of trematodes. The effects of heavy metal toxicity on host-parasite interactions in freshwater snails have been the subject of several investigations. Metal-induced changes in host survival (Guth et al. 1977 , Stadnichenko et al. 1995 , cercarial emergence, and the physiochemical properties of host hemolymph have been studied in both naturally and experimentally infected snails. Sankurathri and Holmes (1976) reported on the effects of thermal effluents on the dynamics of larval helminth parasites and on populations of chaetogasters harbored by Physa gyrina. Thermal effluents provided the necessary conditions to maintain digenean parasite transmission throughout the year between definitive and intermediate hosts, and increased the prevalence of certain parasites, especially the metacercarial stages. Under experimental conditions the number of E. recurvatum larvae penetrated Physa gyrina was inversely related to the number of C. l. limnaei present. It was also observed that these oligochaetes actively ingested digenean larvae. Elimination of C. l. limnaei caused by thermal effluents has augmented the metacercarial infections. This is a complex system in which water temperature acts as a main regulating factor. The three main components of the system interact with each other and are influenced by various external factors, resulting in a dynamic ecological system (Sankurathri and Holmes 1976) . Evans (1982) observed that at concentrations ranging from 0.1 to 10.0 mg/l, copper and zinc reduced both the longevity and infectivity of E. recurvatum cercariae. Concentrations of 10.0 mg/l copper and zinc in hard water reduced the time to 50% mortality of cercariae from 30.5 h to 8.5 h and 15.5 h, respectively. Copper-induced effects upon cercarial infectivity were particularly severe and exposures of cercariae to 0.5 mg/l of this metal for as little as 15 min caused significant reductions in their ability to infect molluscan 2nd intermediate hosts. Water hardness had a marked influence on copper toxicity but had a much lower effect on the toxicity of zinc. The results in Evans (1982) laboratory study have also been found to occur in polluted, freshwater habitats.
Short-term simultaneous effect of high concentrations (LC25, LC50, LC75) of heavy metal ions. (Cu2+, Zn2+, Cd2+ and Pb2+) and infection with trematode partenites Echinoparyphium aconiatum onto haemolymph of molluscs was investigated by Kirichuk (2002) . He reported that low doses of toxicant (2.5 and 10 maximum admitted concentrations) have variable effects. In infected molluscs the concentration of hemoglobin decreases, while in intact ones it increases.
The effect of three ferric chloride concentrations (100, 200, 300 mg/l) on the acid-alkaline balance of haemolymph and haemoglobin content in Planorbarius corneus under normal conditions and in the case of infection with parthenites and larvae of Echinoparyphium aconiatum was examined by Stadnichenko et al. (2001) . In the medium with an effective concentration of ferric chloride, all snail specimens proved to have acidified haemolymph, by 40-50% in infected samples and 80-85% in uninfected ones. Statistically reliable differences in the haemoglobin content in the haemolymph of infected and uninfected specimens between the control and test media were absent, that proves a weak toxic effect of ferric ions on P. corneus. Stadnichenko and Kirichuk (2002) investigated the combined effect of the trematode infection (Echinoparyphium sp.) and various concentrations of chromium sulphate (0.01, 1, 100 mg/l) onto the crude protein content in the haemolymph of the mollusc Viviparus viviparous. Under the low intensity of the trematode infection, the contents of crude protein in the haemolymph remains normal, while in the case of heavy infection, it decrease 100 times or lower. In the cases of 0.01-1 mg/l concentrations of chromium sulphate, the content of protein in the haemolymph of V. viviparus decreases, while in the case of 100 mg/l it increases abruptly, in comparison to the norm. The trematode infection intensifies these processes.
The toxicity of cadmium, zinc and Cd/Zn mixtures to the transmission of E. recurvatum cercariae into the snail second intermediate hosts was investigated at concentrations ranging from 100 microg l-1 to 10 000 microg l-1 in both soft and hard water by Morley et al. (2002) . A differential response in the infectivity of metal-exposed cercariae into Lymnaea peregra and Physa fontinalis was demonstrated which was dependent on the snail species being infected. Exposure of L. peregra, P. fontinalis and L. stagnalis to heavy metals caused a differing susceptibility to E. recurvatum cercariae depending on the snail species being exposed. Morley et al. (2003) investigated the toxicity of cadmium to a population of Lymnaea peregra and L. stagnalis naturally infected with a range of digeneans and collected from a number of sites in the lower Thames Valley, UK. Lymnaeid snails were exposed to 100 microg l-1 cadmium and the effects on host survival and emergence of cercariae recorded. Overwintered L. peregra, but not L. stagnalis, showed significantly reduced survival compared to seasonally infected snails, i.e. snails which have acquired an infection during the spring or summer. A significant increase in survival with increasing snail size was demonstrated for L. stagnalis and for seasonally infected L. peregra only. Only L. stagnalis infected with Diplostomum spathaceum and L. peregra infected individually with D. spathaceum, Sanguinicola inermis, E. recurvatum and Notocotylus attenuatus demonstrated a significantly reduced survival compared to laboratory-bred controls. Cadmium-exposed L. peregra showed no difference in the emergence of E. recurvatum cercariae over a 3-day exposure period. In this study, the toxicity of cadmium to a population of Lymnaea sp. naturally infected with several species of digeneans, demonstrated several interesting points. The different susceptibility of overwintered L. peregra and L. stagnalis to cadmium may be species-specific and may reflect either the 'health' of the host species or the environmental conditions in which hibernation took place. The increased survival of L. stagnalis with increased snail size may be due to the larger specimens being more efficient at binding cadmium to metallothioneins and other low-molecular weight proteins, or to a longer time required for cadmium uptake, or to an increased resistance to unfavorable environmental conditions due to a superior ability of larger snails to aestivate (Godan 1983) . Morley et al. (2004a) investigated the toxicity of the antifouling biocides tributyltin (TBTO), copper, and Irgarol 1051 (irgarol) at a nominal concentration of 10 μg/l against the viability of E.recurvatum metacercarial cysts within two common freshwater snails, Lymnaea peregra and Physa fontinalis. Reduced parasite viability was found under most exposures in both snail species. However a greater effect of toxicant exposure was found in cysts within P. fontinalis compared to those in L.peregra. This was associated with an increased mortality of the host snail. Among all tested biocides, TBTO exposures induced the highest mortality to both the parasite and their hosts. These results suggest that parasite viability is interlinked with survival of the host snail.
The effect of cadmium exposure of the snail first intermediate host Lymnaea peregra on the incidence of encystment of E. recurvatum cercariae without emergence from the snail was investigated by Morley et al. (2004b) . Exposure to 100 mug 1 -1 Cd for 72 h caused a significant increase in the incidence of first host encystment when compared to controls. In addition, autometallographic staining of E. recurvatum daughter rediae and developing cercariae showed that there was metal accumulation within their body tissues. Morley et al. (2006) reviewed the effects of pollutants on the immunology and physiology in both vertebrate and molluscan host-trematode systems and the implications for parasite transmission. The combined stress induced by pollution and parasitism influences the physiology of the host which can have implications not only on host survival but also on the functional biology of resident parasite populations.
The commonly used herbicide atrazine has been shown to affect the susceptibility of second intermediate hosts (such as larval amphibians) to trematode infection, as well as the longevity and infectivity of the free-swimming cercariae, but not eggs or the free-swimming miracidia that infect the gastropod first intermediate hosts (Koprivnikar and Walker 2011) . Koprivnikar and Walker (2011) reported that a concentration of 0.33 µg/L of an atrazine metabolite, desethyl atrazine, increased the mortality of freshwater gastropods (Stagnicola elodes) infected with a gymnocephalus type of cercaria but not that of uninfected snails or those harboring a mature or dormant infection of Echinoparyphium sp. In contrast, 2 wk of exposure to desethyl atrazine did not affect the emergence of gymnocephalus cercariae from snails, although a trend for a decrease in the emergence of Echinoparyphium sp. cercariae was observed. The combination of simultaneous trematode infection and exposure to contaminants may represent a significant stress to gastropods. The response to the herbicide may likely be parasite species-specific as well as dependent on whether cercariae are being actively produced.
Pathology of Echinoparyphium
Histological observations of B. truncatus naturally infected by both S. bovis and E elegans in Sardinia, Italy, have shown that E. elegans is pathogenic to the mollusc and dominant to the schistosome. E. elegans rediae and metacercariae acted by exerting pressure on host tissues; rediae, mainly young and motile ones, also behaved as predators. The organs of the mollusc were affected to varying degrees; the ovotestis totally disappeared. The larval development of S. bovis was disturbed; cercariogenesis was strongly inhibited and gave way to high sporocystogenesis. The intensity of this interference depended on the density of the echinostome larvae present (Mouahid and Mone, 1990) .
During the patent period, E. aconiatum cercariae abandon the host by breaking through the body wall of the snail. This process can be very harmful for the host, because of the large size of the parasitic larvae (body: 521 × 198 µm; tail: 687 × 83 µm) ( Zbikowski and Zbikowska 2009 ). Cercariae actively swim toward different pulmonate or prosobranch snails. Noninfected individuals are the best hosts for metacercariae, because a parasitized first intermediate host shows increased
The biology of Echinoparyphium (Trematoda) 207 mortality upon cercariae repenetration (Lim and Heyneman 1972) . Zbikowska and Zbikowski (2005) observed differences between shell shapes of naturally E. aconiatum infected snails and non-infected snails. These authors noticed that the youngest whorl of shells E. aconiatum infected L. stagnalis was more slender than the corresponding youngest shell whorl of non-infected snails. Echinoparyphium aconiatum castrates the snail host by direct ingestion of host tissues ( Zbikowska 2006) . E. aconiatum castrate their hostsnail. The rediae of E. aconiatum ingest and consume snail tissue, and their large size likely divert host reproductive energy and utilize it for their own development. Zbikowska (2011) reported that E. aconiatum infected snails (active and wintering hosts) had higher hemocyte concentration than non-infected ones. This was likely in reaction to extensive parasite-caused damage to host tissues. Kechemir (1980) reported that E. combesi provokes castration in the intermediate host. Kublickiene and Ciuniene (1973) infected ducks with E. recurvatum. Between 3 and 14 days postinfection, intestinal changes such as hyperemia, hemorrhagia, desquamation, and necrosis occurred. Between 14 and 38 days postinfection, necrotic lesions were found in the duodenum along with desquamation of the mucosa of the ileum and necrotic changes in the rectal mucosa.
Echinoparyphium recurvatum caused thickening of the serosal surface of intestinal wall. Catarrhal inflammation was observed on the mucosal surface with many anchored parasites. Bhowmik and Roy (1987) observed severe enteritis in turkeys due to E. recurvatum. The spiny head collar and scaly cuticle (Soulsby 1982 ) of E. recurvatum allow the parasite to firmly attached to the site and initiate an inflammatory response (Yousuf et al. 2009 ). Matta (1980) reported that in chickens infected with Ascaridia galli, there was little change in the amount of acid phosphatase in the intestine but the alkaline phosphatase was increased around the parasites and in the damaged tissues. It was reduced when the parasites matured. In Echinoparyphium infection the alkaline phosphatase was increased at the sites of attachment but the acid phosphatase was unchanged. Nath (1977) described the pathology of E. flexum infection in experimental white leghorn chicks.
In Southeast Asia, a total of 59 species of foodborne intestinal flukes have been known to occur in humans. The largest group is the family Heterophyidae. The next is the family Echinostomatidae, which includes Echinoparyphium. Various types of foods are sources of human infections. They include freshwater fish, brackish water fish, fresh water snails, brackish water snails (including the oyster), amphibians, terrestrial snakes, aquatic insects, and aquatic plants. The reservoir hosts include various species of mammals or birds. The host-parasite relationships have been studied for a few species however, the pathogenicity of each parasite species and host mucosal defense mechanisms are poorly understood. Clinical aspects of infection with Echinoparyphium need more clarification. Differential diagnosis by fecal examination is difficult because of morphological similarity of eggs. Praziquantel is effective for most intestinal fluke infections. Continued efforts to understand epidemiological significance of intestinal fluke infections, with detection of further human cases, are required (Chai et al. 2009 ).
